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Basic properties of GTMDs
Definition of GTMDs

Generalized transverse momentum dependent parton distri-
butions (GTMDs) are defined by the most general quark-
quark correlator

kinematical variables:
Kt AT R
X = ﬂ,ngw,kr,Ar

2

21 (27)?2

1 [dz= &PZr b
_ / [z ZT gkz <p’,/\'| 1/,(_%) I Watmp 1/’(%) |p,/\> |z+:0'

Parametrization of GTMDs

The application of parity, hermiticity, and time reversal
to the correlator above yields constraints that allow one to
parametrize it in terms of GTMDs.

[For spin-0 hadrons see S. Meissner, K. Goeke, A. Metz, M. Schlegel; JHEP 0808 (2008) 038.]
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Basic properties of GTMDs

Parity constraint

The parity constraint reduces the number of independent
terms in the correlator significantly. For I = v+ one obtains
for example four complex valued GTMDs F;

+ - o
W)[:;\'](X)EakTaAT)
1 _ —, — — -
= m u(p,7 )\I) |:F1,1 (X7 67 k72'7 kT : AT,A?,-)

io™ Kb .
I P+ FI,Z(X7£7kTakT'AT7AT)
o™ AL o o= =
p+ T F1,3(X7€ak72'a kT'AT7A%')
iolki-nf Yy o a
#F1,4(X7€ak72'va'AT7A%') U(p,>\)

% Ls:
Stephan MeiBner Properties and applications of GTMDs


http://www.ruhr-uni-bochum.de
http://www.ruhr-uni-bochum.de
http://www.tp2.ruhr-uni-bochum.de
mailto:stephan.meissner@tp2.ruhr-uni-bochum.de

RUHR-UNIVERSITAT BOCHUM

Institut fiir Theoretische Physik 1

Basic properties of GTMDs

The hermiticity constraint yields the symmetry relation
F1*,n(X’ & E% ET . AT’ 5%’) = :|:F1,n(X, =£; R?'a _ET : 5Ta 5%’)

for the GTMDs F; ,, where the plus sign holds for n = 1,3, 4

and the minus sign for n = 2.

Time reversal constraint

The time reversal constraint shows that it is reasonable to
split each complex valued GTMD F; , into two real valued
functions with a different behavior under time reversal,

F1,n(X, 57 i(?—, ET : AT, 5%—)
- Fﬁn(x’ 5’ I_(?’ ET ’ &T’ &%') + iF1O,n(X’ 67 l_("%v RT . ET; &%') 9
the so-called T-even and T-odd part of F; .
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Basic properties of GTMDs

The correlator of GTMDs contains the correlator of GPDs

in the limit
S . . Lo
B ’(x,«s,Ar) = /dzkr Wil l(x, ¢, kr, A7)
dz~
_5 5 &2 (p' N[ P(=5) v Waro ¥(3) [P A) ez o

icTHA,

— e PN [ HO e 0 + T Ex e ) ulp ).

GTMDs can, therefore, be considered as the mother distri-
butions of GPDs. Explicitly, one finds

e o s g )|
7
— 2_’ e 2 kT AT e e
E(x.&t) = [d%r | = Fy+2(1 =& Fi,+Fis
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Basic properties of GTMDs

TMD limit of GTMDs
The correlator of GTMDs contains the correlator of TMDs

in the limit
+ - r L
o (x, kr) = w ) (x,0, k7, 0)
1 dz— dzfr ik. i
- E/E G (PN[P(=5) 7" Wi ¥ () [P A) |1
. ki -
:f1(X,k72—)— TA:’ Tf1Jf(Xak%)'

GTMDs can, therefore, be considered as the mother distri-
butions of TMDs. Explicitly, one finds

fi (Xa E72') = F19,1 (Xv 0, E72" 0, 0) )
fir(x, k%) = —F,(x,0,k2,0,0).
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Basic properties of GTMDs
Results of the parametrization

GTMDs GPDs TMDs
T-even T-odd T-even T-odd T-even T-odd

N [=~t 4 4 2 0 1 1
B [=~ty 4 4 2 0 2 0
2 r=io*t 8 8 4 0 3 1
r=1 4 4 2 0 1 1

o =7 4 4 2 0 0 2
s =y 8 8 4 0 1 3
S =7y 8 8 4 0 3 1
T r=idl 4 4 2 0 2 0
r=ijot 4 4 2 0 1 1

T =1 4 4 2 0 1 1
w T=~ 4 4 2 0 2 0
2 r=io- 8 8 4 0 3 1
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Relations between GPDs and TMDs

Trivial relations

It is well known that trivial relations exist between some
GPDs and TMDs as they reduce to the same forward PDFs

q(x) = H(x,0,0) = / PRy fy(x, R).

| A\

Nontrivial relations

Model calculations suggest the existence of additional non-
trivial relations between GPDs and TMDs. The most promi-
nent example is probably the possible relation between the
GPD E and the Sivers function fi, which reads

/d%rz(xb)”’”sxb) /dkkEkT fik(x, k2)

in impact parameter space. However, so far no model-

independent proof of this relation has been found.
[M. Burkardt, D. S. Hwang; Phys. Rev. D 69 (2004) 074032.]
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Relations between GPDs and TMDs

Trivial relations in terms of GTMDs

GTMDs prove the model-independent existence of trivial
relations between GPDs and TMDs, as the involved GPDs
and TMDs have the same mother distributions

a(x) = H(x,0,0) = [d®kr fi(x. K8) = [d®kr F,(x.0.8%.0,0).

Nontrivial relations in terms of GTMDs

GTMDs indicate that no nontrivial model-independent re-
lations exist between GPDs and TMDs, as the involved
GPDs and TMDs have different mother distributions

. kr - A
E(x,&,1) = /d2kT {—’:16,1 +2(1 —52)( T&z - F1e,2+F1e,3ﬂ ;

T

| \

fir(x, k§) = —Ff,(x,0,k%,0,0).
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Relations between GPDs and TMDs

Results for all possible relations

The knowledge of all GTMDs allows one to check the model-
independent existence of all relations between GPDs and
TMDs that have been found in model calculations so far.
type of model model
relation relations independent
19 tvpe A GPDs and TMDs have the
(triv‘i,apl) H < g, same mother distributions.
Hr < hy = Relations are valid!
2nd type E— —ff  GPDs and TMDs have dif-
(nontrivial) Er  —ht ferent mother distributions.
= It is very likely that
3" type 5 C i -
e Hr < shy relations are not valid!
ﬁ%m? [For a review on model relations see S. Meissner, A. Metz, K. Goeke; Phys. Rev. D 76 (2007) 034002.] )
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Relations between GPDs and TMDs

Limitations of model results
So far all nontrivial relations have been confirmed using low-
est order calculations in simple spectator models. However,
GTMDs indicate that the relations are not valid in general.
Even in model calculations they will probably break down
@ if one takes into account higher orders or
@ if one uses more complicated models.

|

Evidence for possible approximate relations

Although the relations are probably not valid in general, it is
still possible that they are at least approximately valid.
Evidence for this is that the relations

@ provide an intuitive picture of the Sivers effect and
[M. Burkardt; Phys. Rev. D 66 (2002) 114005.]

@ are compatible with data and lattice calculations.
[M. Gockeler et al. (QCDSF and UKQCD Collaborations); Phys. Rev. Lett. 98 (2007) 222001.]
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GTMDs in physical processes

Gluon GTMDs
Gluon GTMDs appear already at leading twist in the de-
scription of diffractive Higgs production and at subleading

twist in diffractive vector meson production.
[A. D. Martin et al.; Phys. Rev. D 62 (2000) 014022. V. A. Khoze et al.; Eur. Phys. J. C 14 (2000) 525.]

Higgs production Vector meson production

p+p—p+H+p

v v
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GTMDs in physical processes

Quark GTMDs

So far no process is known, where quark GTMDs appear
at leading twist. It is expected, however, that they generate
significant subleading twist corrections in hard exclusive
reactions like for example diffractive vector meson production
and deeply virtual Compton scattering (DVCS).

[M. Vanderhaeghen et al.; Phys. Rev. D 60 (1999) 094017. M. Diehl, W. Kugler; Eur. Phys. J. C 52 (2007) 933.]

Vector meson production DVCS

Y'+p—V+p Y'+Pp—v+p
q q
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Summary and outlook

@ We performed the first complete parametrization of
the most general quark-quark correlator in terms of
GTMDs and obtained the first complete parametrization
of the nucleon GPDs beyond leading twist.

@ We were able to express all GPDs and TMDs through
their respective mother distributions.

@ Our results indicate that no nontrivial model-inde-
pendent relations exist between GPDs and TMDs. )

outook

@ ltis still under investigation how exactly GTMDs enter in
the description of physical processes.

@ Up to now only quark GTMDs and no gluon GTMDs
have been studied. )
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